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(54) Spark plug for internal combustion engine 

(57) A spark plug for an internal combustion engine 
is disclosed in which lateral consumption of an electrode 
tip arising in the vicinity of a joined portion formed 
through welding is suppressed and which maintains ex- 
cellent performance over a long period of time. The 
spark plug includes a center electrode which extends in 
the axial direction and is composed of a body and an 
electrode whose root end is joined to the end face of the 
body. The distance between a joined portion of the body 
and the electrode tip and the face of a free end of the 
electrode tip is at least 0.15 mm, particularly at least 0.2 



mm. A diametral dimension of the electrode tip meas- 
ured at a position located at the interface between the 
electrode tip and the joined portion and nearest to the 
free end of the electrode tip is at least 02 mm, particu- 
larly at least 0.25 mm, greater than a diametral dimen- 
sion of the electrode tip measured at the free end. The 
depth of the joined portion is preferably not less than 0.1 
mm. particularly preferably not less than 0.18 mm. The 
electrode tip is preferably formed from an If alloy which 
contains a predominant amount of Ir and at least one 
component selected from between 3-50% by weight Rh 
and 1 -1 0% by weight Pt. 
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Description 

[00011 The present invention relates to a spark plug 
for an internal combustion engine. More particularly, the 
invention relates to a spark plug having an electrode tip 
welded onto a center electrode, improved in preventing 
or suppressing abnormal lateral consumption or rather 
spark erosion that occurs at a lateral periphery of the 
electrode tip and/or at the joined potion that joins the 
electrode tip and the center electrode. 
[0002] The electrode tip which constitutes part of a 
center electrode of a spark plug is laser welded to the 
end face of the body of the center electrode; 'The body 
is formed from nickel or a nickel alloy. When an elec- 
trode tip formed from a noble metal, such as iridium, is 
used, a Joined portion is formed from an alloy which con- 
tains the noble metal, such as iridium, and a large 
amount of nickel. This alloy exhibits good release of 
thermions as compared with a noble metal, such as Irid- 
ium. Thus, when a discharge portion and the joined por- 
tion are located in the same vicinity, sparks tend to jump 
toward the joined portion. As a result, the electrode dp 
tends to suffer abnormal lateral consumption arising in 
the vicinity of the joined portion and/or at the joined por- 
tion, potentially resulting in dropout of the electrode tip. 
[0003] According to Japanese Patent Application 
Laid-Open (kokai) No. 11-3765, when the thickness of 
a fused portion (joined portion) of an electrode tip as 
measured at a position located half the radius of the 
electrode tip away in a radial drection from the axis of 
the electrode tip is not less than 0.2 mm, a spark plug 
of sufficient durability is obtained. However, when an 
electrode tip having a diameter of not greater than 1 mm, 
particularly not greater than 0.6 mm, is laser welded, 
sufficient spacing, particularly in the radial direction, 
cannot be established between a discharge portion and 
the fused portion, unavoidably resulting in abnormal lat- 
eral consumption of the electrode tip arising in the vicin- 
ity of the fused portion. When the spark plug Is actually 
used in an engine, the electrode tip may come off, and 
the life may become shorter than an initially set value. 
[0004] It is therefore an object of the present invention 
to solve the above-mentioned problems involved in a 
conventional spark plug, and to provide a spark plug for 
an internal combustion engine in which a discharge por- 
tion and a joined portion are located as far away from 
each other as possible in the diametral and axial direc- 
tions of an electrode tip which constitutes part of a center 
electrode thereof, thereby, in particular, suppressing ab- 
normal lateral consumption or lateral spark erosion of 
the electrode tip arising in the vicinity of the joined por- 
tion and/or at the joined portion, and thus maintaining 
excellent performance over a long period of time. 
[0005] Accordingly, the present invention provides a 
spark plug for an internal combustion engine, compris- 
ing a center metal electrode having a center electrode 
body and an electrode tip joined to the electrode body; 
an outer electrode forming a spark gap with the elec- 



trode tip; and a joined portion that joins the electrode 
body and the electrode tip by an alloy formed from at 
least a component of the center electrode body and at 
least another component of the electrode tip; character- 

5 teed In that the electrode tip has a structure for prevent- 
ing spark erosion at the joined portion and/or the elec- 
trode tip in the vicinity of the joined portion. 
[0006] A spark plug for an Internal combustion engine 
according to one aspect of the invention comprises a 

10 center electrode which extends in the axial direction and 
comprises a body and an electrode whose root end is 
joined to the end face of the body. The spark plug Is char- 
acterized in that the distance between a joined portion 
formed from an alloy which contains a component of the 

15 body and a component of the electrode tip and the face 
of a free end of the electrode tip is at least 0.1 5 mm, and 
that the diametral dimension of the electrode tip as 
measured at a position located on the interface between 
the electrode tip and the joined portion and nearest to 

20 the free end of the electrode tip is at least 0.2 mm greater 
than the diametral dimension of the electrode tip as 
measured at the free end. In general, this invention pro- 
vides a structure of an electrode tip that is welded onto 
a top of the center electrode, improving spark-durability 

25 performance and suppressing a lateral-park erosion 
that becomes more critical to a smaller diametral tip 
welded on a larger-diameter center electrode. 
[0007] The above-mentioned "body" is usually formed 
from nickel or a nickel alloy. The material of the above- 

30 mentio ned "electrode tip" is not particularly limited, and 
the electrode tip may be formed from platinum or a plat- 
inum alloy, such as a PMr alloy or a Pt-Ni alloy, or from 
iridium or an iridium alloy, such as an Ir-Rh alloy, an Ir- 
Pt alloy, or an Ir-Ni alloy. 

35 [0008] No particular limitations are imposed on the 
material and structure of other component members of 
the spark plug; i.e., an insulator disposed in contact with 
the circumferential surface of the body; a metallic shell 
disposed in contact with the insulator from outside; an 

40 outer electrode disposed such that a root end thereof is 
connected to the metallic shell and that a free end there- 
of faces the center electrode; and a metallic terminal 
member connected to the center electrode and dis- 
posed at the rear end side of the Insulator. 

45 [0009] The electrode tip is usually joined to the body 
by laser welding. The circumferential edge of an end 
face of the body and the circumferential edge of a root 
end of the electrode tip are fused together, thereby form- 
ing the above-mentioned "joined portion" which con- 

50 tains a component of the body and a component of the 
electrode tip. The end face of the body to which the elec- 
trode tip is joined is not limited to a flat face, but may 
assume the form of a recess, Into which the electrode 
tip is fitted, followed by joining. 

55 [0010] The distance between the joined portion and 
the face of the tree end of the electrode tip (represented 
by the symbol "L" in Fig. 2) is at least 0.15 dim, more 
preferably not less than 0.20 mm, particularly preferably 
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not less than 0.25 mm. By employing a specified dis- 
tance range, spacing can be established between the 
discharge portion and the Joined portion in the axial di- 
rection of the electrode tip. When the distance is less 
than 0.15 mm, sparks tend to jump from the discharge s 
portion to the joined portion, causing lateral spark ero- 
sion or abnormal lateral consumption of the electrode 
tip arising in the vicinity of the joined portion including 
the joined portion. When the distance is 0.6 mm, partic- 
ularly 0.7 mm, a sparkplug is substantially free from this « 
abnormal lateral consumption. The distance does not 
need to assume a larger value. 
[0011] According to a preferred aspect of the inven- 
tion, it is important that the diametral dimension of the 
electrode tip measured at a position located at the inter- « 
face between the electrode tip and the joined portion 
and nearest to the free end of the electrode tip (the di- 
mension represented by the symbol "D" in Fig. 2) is at 
least 0.2 mm greater, or at least 0.25 mm greater (par- 
ticularly important), than the diametral dimension of the so 
electrode tip measured at the free end (the dimension 
represented by the symbol 'd" in Fig. 2). By employing 
an electrode tip in which a diametral dimension as 
measured at the root end to be joined to the body is 
greater than that measured at the free end, spacing is & 
established between the discharge portion and the 
joined portion in the radial cfirection of the electrode tip, 
thereby reliably suppressing abnormal lateral consump- 
tion of the electrode which would otherwise arise m the 
vicinity of the joined portion due to sparks jumping from 90 
the discharge portion to the joined portion. 
[0012] An electrode tip in which the diametral dimen- 
sion as measured at the root end to be joined to the body 
is greater than that measured at the free end can be 
formed such that the diameter is increased stepwise 
from the free end toward the root end. For example, the 
electrode tip may have a shape which is obtained by 
coaxially integrating a cylindrical body of large diameter 
and a cylindrical body of small diameter. In this case, as 
shown in Fig. 2, the upper surface of a stepped portion *o 
maybe sloped radially outward and downward. Alterna- 
tively, an electrode tip may be formed such that the cir- 
cumferential surface thereof is tapered from the free end 
toward the root end. In this case, the diameter may be 
varied or increased continuously from the free-end face 
to the root-end face, orthe inclination angle may be var- 
ied in the middle. 

[0013] Preferably, In the spark plug of the invention, 
the depth of the joined portion measured in a direction 
perpendicular to the axis of the electrode tip from the 
position located at the interface between the electrode 
tip and the joined portion and nearest to the free end of 
the electrode tip (represented by the symbol s in Fig. 2) 
is not less than 0.1 mm. When the depth of the joined 
portion is less than 0.1 mm, the joining strength between 
the electrode tip and the body may become insufficient. 
When the depth of the joined portion is insufficient, the 
joining strength tends to decrease due to abnormal lat- 



eral consumption of the electrode tip. potentially result- 
ing in dropout of the electrode tip. The depth of the Joined 
portion is more preferably not less than 0.14 mm, par- 
ticularly preferably not less than 0.18 mm, since the 
electrode tip and the body are joined more firmly. A 
depth of 0.3 mm of the joined portion is sufficient. The 
depth does not need to be Increased in excess of 0.3 
mm. 

P>014] The diametral dimension of the electrode tip 
measured at the root end and that measured at the free 
end are not particularly limited. However, preferably, the 
diametral dimension of the electrode tip measured at the 
free end is 0.3-1 .2 mm. When the diametral dimension 
measured at the free end is less than 0.3 mm, even 
though abnormal lateral consumption of the electrode 
tip does not arise, the life of the spark plug tends to be 
shortened, since the original diameter is small. By con- 
trast, when the diametral dimension measured at the 
free end is in excess of 1 .2 mm, the influence of abnor- 
mal lateral consumption of the electrode tip, if any, is 
small, since the original diameter is large. 
[001 5] That is, in the case of the same amount of con- 
sumption in the diametral direction, an electrode tip of 
a large original diameter provides a larger after-con- 
sumption diameter and greater strength than does an 
electrode tip of a small original diameter. In the case of 
the same degree of consumption in the diametral direc- 
tion, the amount of consumption in terms of volume in- 
creases with the diameter. Since the amount of con- 
sumption per spark is substantially the same, an elec- 
trode tip of a large original diameter lasts a longer time 
until it undergoes the same degree of consumption in 
the diametral direction than does an electrode of a small 
original diameter. Accordingly, when the original diam- 
eter of an electrode tip is large, the spark plug exhibits 
sufficiently long life without employing the profile and di- 
mensional features specified according to the invention . 
Therefore, the action and effect of the invention emerge 
markedly when the diametral dimension of the electrode 
tip is not greater than 1 2 mm. 

[001 6] Preferably, the electrode tip is formed from irid- 
ium or an iridium alloy, which exhibits excellent resist- 
ance to spark-induced consumption and corrosion re- 
sistance under combustion of leaded gasoline. More 
preferably, in order to improve oxidation resistance at 
high temperature, the electrode tip is formed from an Ir- 
Rh alloy or an Ir-Pt alloy. 

[001 7] Preferably, the electrode tip is formed from an 
alloy which contains a predominant amount of Ir and at 
least one component selected from between 3-50% by 
weight Rh and 1 -1 0% by weight Pt. When the Rh content 
is less than 3% by weight, or the Pt content is less than 
1% by weight, oxidation resistance fails to improve suf- 
ficiently. By contrast, when the Rh content Is in excess 
of 50% by weight, resistance to spark-induced con- 
sumption tends to be impaired. However, since addition 
of Rh facilitates working on the electrode tip, the Rh con- 
tent is preferably 1 0-40% by weight, particularly prefer- 
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ably 20-32% by weight, tf needed, an alloy which con- 
tains Rh in excess of 50% by weight may be used. When 
the Pt content is in excess of 1 0% by weight, the melting 
point of the electrode tip decreases, and the electrode 
tip becomes less workable than an Ir electrode tip. s 
Therefore, the Pt content Is more preferably 2-7% by 
weight. 

[0018] No particular limitations are imposed on a 
method for manufacturing an electrode tip in which a di- 
ametral dimension measured at the root end differs from 10 
that measured at the free end. However, preferably the 
electrode tip is manufactured by a powder sintering 
process or a* Hot header working process. The powder 
sintering process includes the steps of mixing a metal 
powder and a binder, such as camphor; compacting the 15 
mixture; and firing the compact at a predetermined tem- 
perature, thereby easily manufacturing an electrode tip 
having a predetermined shape. In the hot header work- 
ing process, the working temperature is about 
900-1 300°C. The hot header working process may In- 20 
voive heat treatment, if needed, so as to remove strain. 
The hot header working process may use, for example, 
atomization baits so as to produce an inexpensive elec- 
trode tip. 

[0019] The spark plug for an internal combustion en- 2s 
gine according to each of the above aspects of the in- 
vention exhibits preferably an amount of abnormal lat- 
eral consumption, D - d\ of not greater than 0,18 mm, 
particularly preferably not greater than 0.1 mm, wherein 
d is the diametral cfimension of the electrode tip as de- 30 
fined previously, and d\ as shown in Fig. 3, is the diam- 
etral dimension of a consumed portion of the electrode 
tip measured after a durability test which is conducted 
under conditions described below. In the case of a spark 
plug exhibiting the feature that the difference D - d' is ss 
not greater than the above-mentioned value, accelerat- 
ed consumption of the electrode tip induced by abnor- 
mal lateral consumption can be suppressed, thereby 
maintaining excellent spark plug performance over a 
long period of time. *o 
[0020] When the deference between the aforemen- 
tioned diametral dimensions D and d, D - d, is 0.2 mm, 
the above-mentioned difference D-d 1 can be reduced 
to: 0.6-1 2 mm when an aforementioned dstance L is 
0.15 mm ; 0.07-0. 1 mm when Lis 0.2 mm; and 0 .04-0. 08 ^ 
mm when L is 0.3 mm. When the difference D - d' is 0.3 
mm, the difference D - d can be further reduced to: 
0.05-0.08 mm when L is 0.15 mm; 0.04-0.08 mm when 
L is 0.2 mm; and 0.02-0.05 mm when L is 0.3 mm. No- 
tably, when the difference D-d is either 0.2 mm or 0.3 90 
mm, the electrode tip suffers substantia^ no abnormal 
lateral consumption as long as the distance L Is 0.5 mm 
or longer. 

[0021] Embodiments of the invention will now be de- 
scribed, by way of example onfy, with reference to the ss 
accompanying drawings in which: 
[0022] Fig. 1 is a longitudinal sectional view showing 
the structure of a tip end portion of a spark plug including 



a center electrode and an outer electrode. 
[0023] Fig. 2 is an enlarged longitudinal sectional view 
showing a tip end portion of the center electrode com- 
posed of a body and an electrode tip which is laser weld- 
ed to the body. 

[0024] Fig. 3 is a longitudinal sectional view showing 
abnormal lateral consumption of the electrode tip arising 
In the vicinity of ajoined portion of the body and the elec- 
trode tip as observed after a durability test. 
[0025] Fig. 4 is a graph showing the relationship be- 
tween the amount of abnormal lateral consumption (D - 
d 1 ) and the distance (L) between the joined portion and 
the face of a free end of the electrode tip while the dif- 
ference between a diametral dimension of the electrode 
tip measured at a root end and that measu red at the free 
end (D - d) serves as a parameter. 
[0026] Reference numerals are used to identify Items 
shown in the drawings as follows: 

1 : center electrode 

1 1 : body of the center electrode 

1 2: electrode tip of the center electrode 

121 ; root end of the electrode tip 

122: free end of the electrode tip 

123: abnormal laterally consumed lateral portion of 
the electrode tip 

2: joined portion between the body and the elec- 
trode tip 

3: outer electrode 

31 : base portion of the outer electrode 
32: electrode tip of the outer electrode 
4: insulator 
5: metallic shell 

L: distance between the joined portion and the face 
of a free end of the electrode tip 

D: diametral dimension of the electrode tip meas- 
ured at a position located nearest to the joined por- 
tion 

d: diametral dimension of the electrode $> meas- 
ured at the free end 

s: the depth of the joined portion measured in a di- 
rection perpendicular to the axis of the electrode tip 
from the postion located at the interface between 
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the electrode tip and the Joined portion and nearest 
to the free end of the electrode tip 

<f: diametral dimension of a consumed portion of 
the electrode tip 5 

(1) Manufacture of Spark Plug 

[0027] Cylindrical electrode tips and flanged eleo 
trade tips (assuming a section shown in Fig. 2) formed "> 
from an Ir alloy containing 40% by weight Rh were man- 
ufactured by the hot header working process. The cylin- 
drical electrode tips had a diameter of 0.6 mm as meas- 
ured at the free end and a diameter of 0.6 mm as meas- 
ured at the root end (D - d in Fig. 2 = 0). The flanged w 
electrode tips had a diameter of 0.6 mm as measured 
at the free end and a diameter of 0. 7 mm (D - d In Fig. 
2 - 0.1 mm), 0.8 mm (D - d in Fig. 2 = 0.2 mm), and 0.9 
mm (D - d in Fig. 2 ~ 0.3 mm) as measured at the root 
end. 

[0028] These electrode tips were laser welded to the 
corresponding center-electrode bodies formed from an 
Ni alloy, to thereby manufacture spark plugs having an 
L (Fig. 2) of 0.05 mm, 0.1 mm, 0.15 mm, 0.2 mm, 0.25 
mm, 0.3 mm, 0.35 mm, 0.4 mm, 0.45 mm, 0.5 mm, 0.55 
mm, 0.6 mm, 0.65 mm, and 0.7 mm. 
[0029] As shown in Fig. 1 , each of these spark plugs 
includes a center electrode 1 composed of a body 1 1 
and an electrode tip 12; an insulator 4 disposed in con- 
tact with the circumferential surface of the center elec- 
trode 1; a metallic shell 5 disposed in contact with an 
outside surface of insulator 4; an outer electrode 3 dis- 
posed such that a root end thereof is connected to a 
portion of the end face of the metallic shell 5 and that a 
free end thereof faces the center electrode 1 ; and other 
members (not shown). The circumferential edge of a 
root end 121 of the electrode tip 12 is laser welded to 
the body 11 , thereby forming a joined portion 2. 
[0030] The outer electrode 3, the insulator 4, the me- 
tallic shell 5, and other members were formed from ma- 
terials similar to those used in conventional sparkplugs. 

(2) Evaluation of Durability 



mm or 022 mm, or even when L was 0.2 mm, indicating 
that the amount of lateral consumption was large. By 
contrast, in the case of D - d being 0.2 mm, D - d 1 was 
0.1 mm when L was 0.15 mm and decreased to a low 
level of 0.08 mm when L was 02 mm. In the case of D 
- d being 0.3 mm, D - cf was 0.17 mm when L was 0.1 
mm and 0.07 mm when L was 0.15 mm, and further de- 
creased to a very low level of 0.06 mm when L was 0.2 
mm. Thus , when D - d Is not less than 0.2 mm, abnormal 
lateral consumption can be sufficiently suppressed 
when L is 02 mm and even when L is 0.15 mm. 
[0034] The present Invention Is not limited to the 
above-described embodiments. Numerous modifica- 
tions and variations of the present Invention are possible 
according to purpose or application without departing 
from the spirit or scope of the invention. For example, 
spark plugs were manufactured in a manner similar to 
that of the above embodiments except that the Ir alloy 
contalning40% by weight Rh was replaced by an Iralloy 
containing 32% by weight Rh, an Iralloy containing 20% 
by weight Rh, or an Iralloy containing 5% by weight PL 
The thus-manufactured spark plugs were subjected to 
the durability test (however, in order to compensate for 
variation in the amount of consumption according to 
composition, the durability test time was varied as fol- 
lows: 450 hours for spark plugs employing the Ir alloy 
having an Rh content of 32% by weight; and 500 hours 
for the spark plugs employing the Ir alloy having an Rh 
content of 20% by weight and spark plugs employing 
the Ir alloy having a Pt content of 5% by weight). The 
test revealed that spark plugs exhibited excellent dura- 
bility with a small amount of lateral consumption when 
L Is not less than 0.15 mm and D - d Is not less than 0.2 
mm. 

[0035] The invention provides a spark plug wh ten pre- 
vents abnormal lateral consumption of the electrode tip 
ofthe center electrode, excellent durability, and long life. 
By employing the preferred structure of the invention 
and/or by employing the preferred alloy composition of 
the invention, the durability of a spark plug is further im- 
proved. The invention also facilitates manufacture of an 
electrode tip used in the spaik plug of the invention. 
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[0031] A durability test was conducted using a six-cyl- 
inder gasoline engine having a capacity of 3000 cc un- 
der the following conditions: 5000 rpm; WOT (Wide 
Open Throttle): and 400 hours. The electrode tips which 
had undergone the test were measured for dimensions 
d and d' using a projector, to thereby calculate the cor- 
responding amounts of lateral consumption. The results 
are shown in the graph of Fig. 4. 
[0032] The maximum temperature of the body was 
850-900*0 with the test electrode tips. 
(0033] As shown in Fig. 4, the spark plugs of D - d 
being 0 and the spark plugs of D - d being 0.1 exhibited 
a similar tendency in the interrelation between L and D 
• d\ Specifically, D-d' was 0.23 mm when L was 0.15 



45 claims 

1. A spark plug for an internal combustion engine, 
comprising a center metal electrode (1) having a 
center electrode body (11 ) and an electrode tip (12) 

so joined to the electrode body (11); an outer electrode 
(3) forming a spark gap with the electrode tip (12); 
and a joined portion (2) that joins the electrode body 
(11) and the electrode tip (12) by an alloy formed 
from at least a component of the center electrode 

55 body (11) and at least another component of the 
electrode tip (12); characterized in that the elec- 
trode tip (12) has a structure for preventing spark 
erosion at the joined portion (2) and/or the electrode 
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tip (12) in the vicinity of the joined portion (2). 

2. A spark plug for an internal combustion engine as 
defined in ciaim 1, wherein a shortest distance (L) 

as measured between a free end (122) of the elec- 5 
trode tip (12) and the joined portion (2) in an axial 
direction of the center metal electrode (1 ) is at feast 
0.15 mm, and wherein a maximum diametral dimen- 
sion (D) of the electrode tip (12) as measured at a 
position located on a joining interface between the " 
electrode tip (12) and the joined portion (2) is at 
least 0.2 mm greater than another diametral dimen- 
sion (d) of the electrode tip (1 2) as measured at the 
free end (122) of the electrode tip (12). 

15 

3. A spark plug for an internal combustion engine as 
defined In claim 2, wherein a depth (a) of the joined 
portion (2) from the position located on the interface 
between the electrode tip (1 2) and the Joined portion 

(2) and nearest to the free end (1 22) of the electrode 20 
tip (12) is not Jess than 0.1 mm as measured in a 
direction perpendicular to an axial direction of the 
center metal electrode (1). 

4. A spark plug for an internal combustion engine as sts 
defined in claim 2 or3, wherein the diametral dimen- 
sion (d) of the electrode tip (1 2) as measured at the 
free end (122) of the electrode tip (1 2) is in the range 

of from 0.3 to 1.2 mm. 

so 

5. A spark plug for an internal combustion engine as 
defined in any one of claims 1 to 4, wherein the elec- 
trode tip (12) is formed from an Ir-ailoy which con- 
tains from 3 to 50 weight % of Rh. 

ss 

6. A spark plug for an Internal combustion engine as 
defined in any one of claims 1 to 5 , wherein the elec- 
trode tip (12) is formed from an (r-alloy which con- 
tains from 1 to 1 0 weight % of Pt 

AO 

7. A spark plug for an internal combustion engine as 
defined in any one of claims 1 to 6, wherein the elec- 
trode tip (1 2) is formed from i r-alloy which contains 
Rh and Ru, and wherein Rh or Ru being not less 
than 1 weight % and a total of Rh and Ru being not 
more than 50 weight %. 

8. A spark plug for an internal combustion engine as 
defined in any one of claims 1 to 7, wherein the elec- 
trode tip (12) Is formed from an Ir-alloy which con- so 
tains Rh and Pt, and wherein Rh or Pt being not less 
than 1 weight % and a total of Rh and Pt being not 
more than 50 weight % . 

9. A spark plug for an internal combustion engine as & 
defined in any one of claims 1 to 8, wherein the elec- 
trode tip (12) is manufactured by a powder sintering 
process and/or a hot header working process. 
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